0CT-11-E006(WED) 16: d? HAMMER & HRNF, PC 


(FRX)70d 927 0d85 


P. 006/017 


CM 
< 

CO 

co 
o 

CL 
liJ 


(19) 


(12) 


(43) Dateof pLibllcatian: 

2&.1 0.1998 Bulletin 1998/44 

(21) Application number: 9»1 07301 -8 

(22) Data of filtng; 2Z.04,ldS8 


Europ2Uschos Fatantomt 
European Patent Office 
Oincoauropocn tics brevets (11) EP 0 873 779 A2 

EUROPEAN PATENT APPLICATION 

(51) lata^: B01D 63/04 


(84) Designated Contracting St8tcr$: 

ATBECHCYDE DKESFIFRGBGR lEITULU 
MCNLPTSE 

D«siQnatdd Extension States: 
ALLTLVIUKROSI 

(30) Prlorhy: 24.04.1997 JP 1 07456/97 

C71) Applicant: 

Toyo Bosoki KsDustitkr Kalsha 


(72) Inventors: 

• Katsubo, MtklOf 

c/o toyo BosDfd ICIC 
Iwakunl-shl^ Ybtnaguctil-kon (JP) 

• NltSt KaxutildOf 

c/o Toyo Bosokl ICK. 
Iwakunl-shI, \^niaflucni-Kon (JP) 
" Seklno> MasaakI, 
c/olbyo Boselcl ICIC 
Iwakuni-shl^ vamaguchi-icon CJP) 

(74) Representative: 

VDSSItlSfli PARTNER 


81C75 MOncten {PE) 


(54) Permselective membrane module 

(57) Disclosed Is a permselectlve membrane mod^ 
ulo comprtelng i) tuvo permse^ective membrane ele- 
ments formed of hollow fibers ananged substantially In 
parallel and bundled together and 11) a contalnQr, thetwq 
elements being arranged In the container longitudinally 
of the hollow fibers, wherein the respective elements 
comprise i) a feed tuba disposod tongltudlnotly of ihe 
holloM fibers and 10 a hollow fiber bundle covering the 
outer surtEice of the feed lube, the fM tube h&nHng a 
number of holes therein* dnd the honow fibers having 
one end dosod and the other end opened, wherdn the 
teed tube$ of Iho two oloment:; communicate with each 


other vl8 a connecting tube to form a conduit having one 
end opened and the other end closed, and wherein the 
container comprises 1} an Inner wall surrounding thetwtfo 
element* with a space, 11) a teed port provided at one 
end of the container In communication with the opened 
end of the conduit; HI] apermeate-llquld outietfadng the 
open end of ihe hollow fiber bundle of each element and 
tttending through the eontalrtor walL and iv) a non-por- 
maatad fluid discharge outlet communlcatlnsr in'tth the 
gap between the container and tha outar aurfaea of 
each element and extending through the container wait. 


1 ^MT <-t 



frWNUiy Mpii \mt HMsitwoatiqiiiicBB 


PAGE 6/17 * RCVD AT 1 0/1 112006 4:53:54 PM [Eastern Daylight rime] * SVR:USPT0-EFXRF-2^^ 


0CT-11-E006(WED) 16: d7 HAMMER & HflNF, PC 

EP 0 873 779 A2 


(FflX)70d 9E7 0485 


P. 007/017 


Doseription 

The present Invention concerns a perm&electlve membrano module mado el hallow fibers and used for desallna^ 

tlon. 

5 TTiere are classified fteweral types of pormselecBya membranes according to the bIzb oI a substance to be sepa* 
rated. Examples of such membranes are ultraf iHers or microfliter? for separating colloids, proteins or the like, nano-f If- 
tors for separating low molecular organic matters such g^^ agricultural ehomlcols or the like, and re^e osmesis 
membranes used for separation of ions. The retferse osmosis membranes are these used under a higher pressure than 
the osmotic pressure of liquid to be treated (herdrtBftBr« liquid to be treated" Is refen-ed to as *'feod liquid^. 

TO The membranes can also be dasslfled Irrto llat typo, tubular type, spiral type and hollow ftoer type In view of shape. 
Among them, the hallow fiber type can be used without support materials usually required In the flat type» the tubular 
typo or the spinal type* and therefore the hollow fiber type hsts a high efficiency of soponKtlon per unit volume. Thus, the 
hollow fiber type membranes are more suitable for membrane-separation. 

Explained herein is a permselective membrane module made of hollow fibers. Generally, the hollow fiber mem- 

18 brane modulo comprises at least one element consisting of a winding, aggregate or the llko of porrnsolectlve mem- 
branes and a pressure vessel for accommodating these elements. Usually, one or two elements are provided in the 
presswe vessel ot the modulo. P^rtioularly. in case of producing a targe volume of treated liquid, the module generally 
comprlsBstwo elements. 

In the case of using tx winding or aggre^e of penmseleatve membranes of hollow fib erSi as the element It Is nec- 
20 essary to form an opening In either ond of the element so as to collect permeate and discharge the water via the even- 
ing. Accordingly, considering the occurrence of pressure loss In a feed liquid in the pressure vesseli generally up to ^o 
elements are provided in the pressure vessel. Tlie elements usually has an feed tube that Is Integrated with the central 
portion of the elomont A number of holes are formed In the feed tube so as to distribute the feed liquid to reverse osmo- 
sis membranes of hollow f Ibei^ These holes allowf the feed liquid to flow within the pressure vessel. In the case of using 
S3 an olemont farmed of the reverse osmosis membranes, the flowing direction of the food llqtdd intho olomont much Inftu* 
ence$ the separation properties of the reverse a8moBl& membranes. 

That Is, if^en the teed liquid flows only In one ejection. I.e., flews radially outwardly of the element from the feed 
tube. Iho hollowf itters etpand outwardly. By contrast v»hen part of the feed liquid flows Into tho feed tube from the ele- 
ment the hollow fibers are Inwardly compressed and aggregate densely* This phenomonon Is called 'nestling" that 
30 increases the pressure loss of the feed liquid and thereby low^r the separation perfbrmencQ of the module. 

Japanese UnasaminBd Patent Application No. 507810/1933 {PCT/US92/Da8n9) discloses a nsverse osmosis 
membrane module of hollow fibers which can prevent the occunwce of nestling. 

The module disclosed therein has a double tubular structure wherein a feed tube oF a first element Is connected to 
that of a second elemem by a central connector, and wherein a discharge tube of smaller diameter Is provided In the 
as feed tube of ^e second elemem. 

More specifically. Japanese UnBuamlned Patont Application Na Sa7di0/idd3 discloses providing an opening In 
the outer surface of the centra connecter between the feed tubes of the two elements, so that the opening may oom> 
munlcBle with the discharge tube. This double tubular structure enables ihe feed liquid to flow only In one direction In 
the element l«e.« radially outwardly of the element from the feed tube. 
40 However, the thus constructed reverse osmosis membrane module fs likely to cause too much pressure loss due 
to ihe friction resistance generated on tho tube Inner walL since the module Is of a double tubular structure which further 
comprises a discharge pipe in the feed tube of the second element In addition, contracted flow Is lil^^ to occur when 
the feed liquid flows Into the discharge pipe, which results In an Increased pressure loss. 

Further* because of the double tubular structure, it Is complicated to attach or roplece the element in the pressuro 
43 vessel. \ 

It is an object of the present Invention to provide a permselediva membrane module which comprlsos two olomonts j 
of hollow fber membranes and is capable of reducing iho preseuro loss of a feed liquid to therein improve the seporay 
tion perfbnnance of the elements^ 

The present irrventlon provides a permsetective membrane module comprising I) two permselectfve membrane ele» 
30 ments fbmied of hollow fibers arranged substantially In panalld and bundled together and \\) a container, the two ele* 
mcnts being en-anged In the container longitudinally of the hollow f Ibors^ whoroln tho rospectlve elements comprise I) a 
feed tube disposed longitudinally of the tiollow fibers and H} a hollow fQser bundle covering the outer surface of the feed 
tube, the feed tube iiaving a number of holes therein, and the hollow fibers having one end dosed and the other end 
opened, wherein the feed tuboc of the two elements communicate with each other via a connecting tube to form a con- 
ss duit having one end opened and the other end dosed, and wherein the container comprises \) an inner wall surrounding 
the two elements with a space, ii) a feed port provided at one end of the comalner In communication wiih the opened 
end of the conduit iii] a pormoato*llquld Qi.ftlet facing the open end of the hollow fiber bundle of each element and 
extending through the container wall, and lv] a non-permeated fluid discharge outlet communicating with the gap 
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between the container and the outer surface ot each element and extending through thd cdntoinor vtmlK Accordingly; it 
is possible to produce a simplified membrane module at low cost which module is capable of preventing the pressuro 
loss of food liquid, thereb/ separating the leed llqufd efficiently. Further, since the module does not have a double tubu« 
lar strucluro* It is possible to prevent the unwanted inaease of pressure loss. Furthermore* because of the simplifiod 
s Glructure, It \u posslblo to roadlly monitor the docrcaso ot tho soporatlon porformonce, etc, of the module, thor oby read- 
ily controlling the quality of produced water. Still further* according to the present Invention, It is possible not only Id 
wash the element in a tonward-directlon (I.e., radially outwardly of the element from the teed tube)» but ^so to wash the 
elamsnt in a reverse direction washing (i.e.» in a direction from the outer side of tha element to the feed tube), thereby 
improving washing efficiency. 

TO Tho preserrt invention further providee a permselective membrane module camprising (] two permselectlve mem» 
brane elements formed of hollow fibers armnged substantially In pamllel and bundled together and II] a container, the 
two elements bdng arronged in the container longitudinally of the hoHouv -fibers, 

wherein the respective elements comprlso D cifeed tube disposed longitudinally of the hollow fibers and ii) a hol- 
low tlber bundle covering the outer surface of the feed tube, the feed tube having a number of holes therein, and the 
13 hollow fBaere having one end dosod and tho othor end opened^ 

wherein the teed tubes of the two elements have one end opened and the ottier end dosed» and 
wherein the container comprises D an inner wall sunvunding the two elements with b 6pace» ID a feed port pro- 
vided at one end of the container In communication with opened end of the feed tui^e of one of the olomentSt il^ an 
inner liquid receMng plate located between the two elements to collect the liquid not permeated through said one ele* 
£0 ments, iv) a connecting lube for connecting the inner liquid receiving plate v^th the open end ot tho food tube of the 
other element v] a permeate-llquld outlet facing the open end of the hollow fibers of each element end extending 
through the container wall and v} a non-permeated fluid discharge outlet communicating with the space between the 
container and the outer surface of the other element and entendlng through tho. container w^l» Ihere^dy ottalnlng the 
same advantages as described above* 
& Preferably* tho distanco d botwoon tho centortine of tho dischargo outiot ond one end of the membrane module Is 
in the range of 0,1 m to 0,6 rru 

Preferabls^ the distanca d between the centerllne of tha discharge outlet and the oppofihe end of the membrane 
module relative to the feed port Is In the nango of d.i m to o,e m. 

00 Rg» 1 is a cross seetJon sehamaticatty showing the membrane module of the first embodiment of the present invert 
tion: 

Rg, 2 Is a cross section schematically showing the membrane module of the second embodiment: and 
Rg, 3 is a cross section schematically showing a prior art permselecHve membrane module. 

3S The preferred embodiments of the presem Invention wD be described below whh reference to the accompanying 
drawings, but It Is to be noted that the present invention is rat necessarily restricted to the embodiments herein. 

Embodiment 1 


4Q The first embodimem of the present invemlon will be described with reference to 1^. 1, Rg. l is a schematic view 
of a permselectlve membrane rnodule 1 ot theflr^ en^odlment 

The module 1 of the first embodiment comprises first and second permselectlve membrane eiemerrts 4, made of 
follow f bers, each element being Inserted -from the opposite ends of a cylindrical pressure vessel 2 and then longitudl- 
natty aligned such tliat deflator blocte; e, S' be oppos^tsici to each other. An Inner connacting tube 1 S Is provide between 

49 the deflector Hod^ 8, 8* of the elements 4, Via the Inner connecting tube 1 6» feed tubes 5, 5* of the first and second 
elements 4» are eonnoeted at the central portbn of tho cylindrieol pressure vessel 2. The feed tubes 5, 5* eomprlSQ 
a number of holes for communicating the feed tubes with the elements 4, ^\ respectively, A plug 1 4* doses the end of 
a tube sheet T of the feed tube 5* of the second el ement 4*. Attached at the opposite ends of the cyllndricBl pressure 
vessel Z ore support plates 9, 9' end end plates 1 0, 10", The respective components are sealed with D-rlngs 1 5 or tho 

50 nice. 

Tho food liquid Is -fed via a fluid inlet 3 into the feed tube 5 of the first elemem 4. As described, the feed tube S Is 
connected to the food tube S* of the second olomont4* by tho inner connocting tiA>e 1 6 so that the feed liquid also flows 
Into the feed tube 5*. One end of the feed tube B* la sealed by a plug 14« so that the feed liquid flowed into the feed tubes 
5, 5* flows out toward the elements^. via their holes, he., flowc radially outwardly of tho hollow fiber layers 6, S\ When 
6S the feed liquid passes through the hollow fiber layers 6, 6*. only purified water selectively permeates the hollow fibers 
because of the permsetecth/e prepertfes of the hoUow fiber layers 6, 6*. After passing therethrough, the permeate puri-^ 
fled water flows out of the hollow fibers through the tube sheets 7, T. Then» the purified water Is colloctod by support 
plates 9, 9* ond discharged from the pressure vessel via fluid outlets 11,11*. 
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On the other hand» the nan-permeaied llqufd passes through a gap 12 between the cyiirKlrtcel pressure vessel 2 
and the two olornonts 4. 4*^ and fs then discharged out of the pressure vessel via a discharge outlet port 13* 

As described, according lo the hadowfiber membrane module 1 of the tirst embodiment the teed liquid In the mod* 
uleflowis only radially outttordly of the elements 4, 4* from the teed tubes 5, 5' to the eJements 4, 4\ and the non-per- 
s meated liquid Is discharged Irom the discharge eutiet port 13 proirfded in the side face of the cylindrical prossure veesel 
2. 

According to the hollow fiber membrane module 1 of the present first embodimenti It Is possible to prevent the 
increase of pressure loss in the module which loss Is caused by the dense formatkm (nestling) of hollow fiber menv 
branes because the feed fluid flows from inside to outside the elements 4, 4*. Further^ the feed tube 5" of the second 
TO element 4* does not employ double tubular structure* which also contrtoutes to the provontion ot the increased pressure 
loss in the module. Accordingly, it is possible to separate feed liquid more efficiently as compared with prior art permse^ 
lectin e membrane modules of holtow fibers. 

Further, according to the first embodiment in washing the module, it is posstole not only to wash the element In a 
fdnA/ard^jirectlon (i.a. radially outwardly of the element from the feed tube}, but also to wash the element In a reverse 
1$ direction washing [i,e., In a direction from the outer side of the element to the feed tube). 

Further, it is possible to roduee the production cost because or the simplified module structure and also to readily 
monitor the reduction of the porfermaneo. eta of tho module because of the simple flow of a feed ilqurd. thereby readily 
controlling the quality of produced water. 

Considering the operational efficiency of the installation or the maintenance of the modite. the dlscharoe outlet Is 
20 preferably loceied such th^ the distance tl, l.a, the distance between the end of the cylindrical pressure vassal and tho 
centerllne of the dlschBr^e outlet be in the range of OA m to 0.6 m. more preferably 0.2 m to 0.4 m. 

The reason for 0 1 m ^ d is as tbilows. That is, a tube sheet ring Is located 0.1 m or less distant from the opposite 
ends of the pressure vessel to hold the open end of the hollow fiber membranes. Accordingly, if 0.1 m > d. It becomes 
difficult to provide the sheet ring In the pressure vessel. 
;i$ Further, the reason for d £ 0.6 m Is that If d > 0.6 m. It becomes difficult to attach the module and also it is hand to 
purge suspended materials because of too large a dead ^9ace generated* Therefore^ it is difficult to fully discharge non« 
permeated llqufd. 

Embodlmont2 

The second embodiment of the present invention will be desalbed with roforonca to Rg. 2. Fig. 2 schematically 
shows a permseiedive membrane module 2i of hollow fibers according to the present embodiment The same parts 
as In tho pro^ous ombodlmont ore denoted by the same reference numerals, end the explanstlons thorofor are omitted. 
The module 21 of the second embodiment employs tho following features In the module of the f Inst embodiment 
3B tNat is> one end of the feed tube 5 of the first element 4 Is sealed with a deflector blocks. Further, the second embodl- 
rDQnt employs on inner s^^port plate 23 that is pmvidod between the first and second elements 4» 4' In llou ot the inner 
connecting pipe 1 6, so that the Inner support plate 22 1$ connected to the feed tube 5' by an Inner connecting tube 23. 

The feed liquid Is fed Into the feed tube 5 of the -first element 4 via the feed port 3. Since one end of the feed tube 
5 Is closed by the deflector tslock 8. the feed liquid flowed into the feed tube 5 flows out toward the element 4 via Its holes 
40 and passesthitsugh the hollowf iber layer 6 radially outwan:Ily When the teed liquid passes through the hollow fiber layer 
6, only purlfl^ water selectively permeates the hollow fibers duo to the permselectlve properties of the hollow fibers 
The permoatB purrflai water flows out of the hollow fibers fnam the tube sheet 7. Then, the purified water Is collectKl 
by the tube sheet 7 and discharged via ihe liqdd outlet 11. 

On the other hand» the non-permeated liquid passes through the gap 12 botwoon tho cylindrical pressure vessel 2 
4S and the first element 4 and is collected by the Inner support plate 22. Then the liquid Is fed Into the feed tube 5* of the 
second element 4* via the Inner connecting ^pe 23. One end of the feed tube S* Is sealed with the plug 14, so that the 
feed liquid flows out toward the eiement 4* via its holes and passes through the hollow fiber layer B\ Only the purf f led 
water selectively permeates the hdtow fibers arKi flows out of the element 4' through the tube sheet T. Then, the purl- 
fled water Is collected by the support plate 9* and discharged out of the pressure vessel via tho liquid outlet port 11 
50 The liquid not permeated through the element 4* passes through the gap 12' between thO cylindrical pressure ves- 
sel 2 and the second element 4* and is then discharged via the discharge outlet port 13, 

Thus, according to the hollow fiber membrane module 21 of the second embodimsnt as In the previous embodI° 
ment the feed liquid flows only In one direction. I.e.. radially outwardly of the elements from the feed tubes 5, 5* In the 
module, and the non-permeated liquid Is dtscharged through the dschorge outlet port 13 that Is provided In one side of 
6S the cylindrical pressure vessel 2. 

Accordingly, the hollow fiber membrane module 21 of the present embodiment can attain the same advantages as 
those of the first emt)odiment 

In the above-mentioned embodiments* tho material for the permselectlve membrane made of hollow fibers is not 
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limited spocKlca)iy» but may bo any mmorlBl sucti as acetylcelluJose. eolluioso triaeotate^ aromatic pdyamide» cross* 
linked polyamfdB; potyethylena* polyethylene tBrophthalatQ» and polystyrene. 

Further^ the feed liquid Is not specHlcally flmiied. but the present Invention can also be applJad to* for example, sea 
water, affusion, river water, well water, ground water, service water, condonciod effluentfrom chemical factories Btc» and 
s the Ilka. 

Funhermore. the material for the cylindrical pressure vesceL which accommodates the hollow fiber membrane ele» 
"\ mente, Ib not limited specif Ically, but may be any material such as FI^P. steel and tough hatdened fiber products so long 
D as ft has a high pressure resistance and Is free of liquid leatege after being molded^ ^ 

10 Test Examples 

Described below Is the test results uSUng the hollow liber membrane modules 1 and 21 of the first and second 
embodiments, 

IS. Example 1 

Example 1 was conducted to oualuato the cepomtton perlormancQ of the hollow fiber membrane module 1 of the 
first embodiment 

50 Example 

In Example H1), affusion was used as a feed liquid. The operating conditions were that the pressure applied was 
30 kg/cm^, end the rpcovory mUo was 75 %. 

The test results of Example Is shown In l&bte 1 below. 

S9 


Tabioi 



Permeate Flux (nrf idey] 

Differential Pressure 
(Hg/cm^ 

Example 

83 

0,13 

Example 2*(1) 

75 

O.IB 

Camp. Exmp. ^^{^) 

69 

0.19 

Example >C2) 

54 

0.30 

Example 2-t2] 

49 

0.35 

COmp, Exmp, 1-(2) 

45 

0,47 


As seen from Table 1, the differential pressure In Example wos low, lo*^ d,iz kg/cm^» and the permeate flux 
through the module was d3 m^ /day, which means that the membrane separation was conducted eff fderrtly. 

Example 1*C2) 

45 

In Example 1 sea water was used as a feed liquid. The operating conditions were that the feed pressure was 
55 l<g/cm?. and the recovery ratio was 30 %, The test results of Example 1^(1} ta shown together In Table 1, 

As seen from IWe 1 . the differential pressure in Example 1-(?} was low. Le., 0.30 kg/cn^« and the penneate flux 
through the module was 54 m^ /day, which means that the membrane separation was conducted efficiently, 

w 

Example 2 

•Example 2 was conducted to evaluate the separation perfbrnnance of the permseiectlve membmne module 21 of 
the first erhbodlment, 

55 

Example 2-(i) 

In Example 2-(1}. affusion was used as a feed liqt^. The operating conditions were that the feed pressure was 30 
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kg/cnf . anef tho recovery mtio was 75 %. 

The test results of Exampte i -(i ) are shown iogether tn Table i belovyr. 

As seen Irom Table i, in Example the dlfferenllal pressure was low. ha, 0.18 kfl/cm^ and the permeate Ilux 
IhroUQh the modulo vuns 7$ /day. which shows that the membrane separation was conducted efficiently. 

5 

Example 2-(2) 

In Eatamplfi 2«(a), sea water was used as a -feed llctuld* The operas eoncfitIon$ were that the feed pressure was 
55 kg/on^* and the rocoi/cry T^itlo m% 30 %. Tbo toQit results of Example 2-(2) are shown together In l^e 1 « 
10 As seen from l^ble 1. the dHferenUal pressure fn Example 2»{2} was low, I.e., 0,35 hgfctr?, and the pormeate flux 
through the module was 49 m^ /day; which means that membrane separation was conducted efficiently 

Comparative Test Example 1 

Explained first referring to Fig. 3 1$ a hollow fiber mombn^no modulo loi u$ed In Comparatlua Test Examples, 
The module 101 has first and second hollow fiber membrane etements 4, 4' which are Inserted longftudfnally, such 
that the deflector blodo^ 9. 9" of thelirst and second membrane elements 4. 4' face each other. The feed tubo$ 5. 5* of 
the naspectlvo otemonts 4« 4* of are located separate from each other* 

The feed liquid Is fed Into the feed tube 5 of the first element 4 via the feed port 3. Since one end of the feed tube 
5 I& closed by the dot lodor block 8, the feed liquid llowad Into the feed tube 5 tlows out toward the elemerrt 4 via the 
holes and passes throuQh the hollow fiber layer 6 fsdlally outwardly When the teed liquid passes through the hoSow 
fiber layer 6, only purified water selecttvety permeates the hollow fibers. The permeate purified water flows out of the 
hollow f Iber^i from the tubo sheet 7. Theni the purHled water \^ collected by the tube sheeit 7 and discharged via the Itq* 
uTd outlet 11. 

On the other hand, the liquid not perrnoatod through the elomortt 1 04 pg$$os through the gap tZ between the cyltn* 
df leal pressure vessel 2 and the ftfst and second elements 4, 4* end l& fed from outside of the second element 4'. Then 
the liquid flows radially Inwardly of the hollow fiber membrana €* Into the fM tube 5** 

During the process^ only the purified water solectlvoiy permoote$ the hollow f Ibors ^nd flows out of the element 4* 
through the tube sheet Then, the purtf fed water is coOeeted by the support plate 9' and discharged out of the pres> 
sure vessel via the Ik^uld outlet 3\ On the other harid, the nofi'permeated liquid flowed Into the feed tube S* Is dis* 
charged via the discharge outlet port 13. 

Explained below Is the test results obtained using the prior art permselectivB mentbrane module 1 01 made of hoi* 
low fibers* 

09 Comparative Test Example ^-[^) 

In Companatlve Test Example 1 affusion was used as a feed liquid. The operating condhlons were that the feed 
pressure was 80 hg/cm^« and the recovery ratio was 75 %. 

The test results of Compansitiv© Test Example ) are shown In TVible 1 . 

The prior art hollow fiber membrane modules are compact but have the disadvantages that the differential pres- 
sure was large* le.* 0»1 a hg/em^i and the amourrt of liquid permeated through the module was small» I.e.. 69 trPMny, as 
compared with Examples and 2^0) conducted under the same operating conditions. It will be appredaied from 
the results that the feed liquid was not efficiently separated vvlth the prior art module. This may be that since the feed 
liquid In the second elennem f Iovms radially Inwardly from the outside of the element which causes nostltng and thereby 
generating pressure loss. 

Conparative Test Example 1 •(2) 

In Comparative Test Example 1 *(2) , sea water fs used as a feed Rquld, The operating conditions wore that the feed 
60 pressure was 55 kg/cm^, and the recovery ratio was 3D %^ 

The test results of Comparative Test Example 1*(2) are shown In Table 1 , 

As seen from Table 1 , the differential pressure wos largo» l.o., 0,47 kg/cm^ end the permeate flux was small, Le,, 
45 m^/day. as compared wHh Examples 1«12) and 2«(2) which were carried out In the same test conditions. H will be 
appreciated from the resuHs that the food liquid was not off Idontly separated as in Comparative Test Example 1 -{1). 

55 

Claims 

1. A permselectlve membrane module comprising 1} two permselective membrane elements fiomied of hollow fibers 
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arrangod substantially In parallel and bundled together and fl) a cpntalnor, the two elements being amanged In ihe 
container longitudinally of the hollow fibor^, 

wher^n the respecthra efomants comprise IJ a feed tube disposed longitudinally erf tho hoSdw fibers and li) 
a hollow fiber bundle covering the outor surface of the feed tube» the feed tube having o number of hdes therein. 
s and the hollow fibers having one ond ctoGed and the other end opened, 

wherein the tubes of the two elements communicate with onch other via a connecting tube to form a 
conduit having one end opened and the other end dosed* 
and 

wherein the container comprises I] an Inner wall surrounding the two elemertts with a space» It) a feed port 
to provided at one ond of the container In communication whh the aponod ond of the conduit* iii) a permeata-tlquid 
outlet facing the open end of the hdttow f ber bundle of each element and extending through the container vvalC and 
iv} a non-permeated fluid discharge outiet communicating with the gap between the container and the outor surface 
of each element and extending through the container watl 

TS 2. A permoeloctlvo membrxmo module comprlBlng l) two permseiedivo mombni^nQ elements formed of hollow f tbon? 
arranged subsiantfally In parallel and bundled together and li} a container, the two elements being amanged In the 
container longitudinally of the hollowflbers^ 

' wherein the respedlvB elements oomprlca 1} a feed tubo disposed longitudinally of the hollow fibers and W) 
a hollow fiber bundle covering the outer surlbca of the feed tube, the feed tube having a number of holes therein, 
so and the hollow fibers having one end dosed and the other end opened* 

wherein the feed tubes of the two elements have one end opened and the other end dosed, and 
wherein the container comprises I] an Inner wall surrounding the two elements with a space, li) a feed port 
provided at one end of the container In communication with the oponod end of the feed tube of one of the elemonts, 
ill) an Inner liquid receiving plate located between the two elements to coHod the liquid not permeated through said 
ss one etomonts. Iv) a connecting tubo for connecting the Inner Uquld receiving plate with the open er^d of thefeed tube 
of the other element, v) a permeato-liqufd outlet ladng the open end of the hollow fibers of each eiement and 
attending thraugh the container wall, and v} a non-permeated fluid discharge outlet oommunJca^ng with the space 
between the container and the outor surface of the other element and extending through the container wall. 

30 3. A permseleetlve membrane module according to claim 1 . wherein the distance d between the eenterltne of the dis- 
charge outlet and one end of the membrono module te In the range of 0.1 m to 0.6 m. 

4. A permsetedlve membrane module according to claim 2. wherein the distance d between the centerllno of the dis» 
charge outlet and the oppodte end of the membrane module relative fo the fbed port Is In the range Qt 0;1 m to 0.6 
fl5 m. 
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